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MAGNETIC RECORDING MEDIUM, METHOD OF MANUFACTURING 
THEREFOR, AND MAGNETIC READ/WRITE APPARATUS 
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Cross-Ref erence To Related Applications 

This application claims the benefit ofTapanese Unexamined Patent Application, 
First Publication No. 2003-6188 filed January 14, 2003; Japanese Unexamined Patent 
Application, First Publication No, 2003-6189 filed January 14, 2003; Japanese 
10 Unexamined Patent Application, First Publicalin No, 2003-103452 filed April?, 2003; 
^ Japanese Unexamined Patent Applicaticn, First Publication No. 2003-103453 filed 
April 7, 2003; and U.S. Provisional Application No. 60/44Q631, the contents of which 
are incorporated herein by reference. 



15 Technical Field 

The present invention relates to a magnetic recording medium, a method cf 
manufacturing therefor, and a magnetic read/write apparatus using this magnetic 
recording medium. 

20 Background Art 

The recording density of the hard disk drive (HDD), which is one type of 
magnetic read/write apparatus, is presently increasing annually by 60% or more, and it 
is thought that this tendency will continue into the future. Thus, presently 
development of both magnetic recording heads and magnetic recording media that are 
25 suitable for high recording densities is progressing. 
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Presently, the magnetic recording media generally mounted in a commerciaUy 
available magnetic read/write apparatus are in-plane magnetic recording media in which 
the easy magnetization axis in the magnetic film is oriented parallel to the substrate 
Here, the easy magnetization axis denotes the axis along which magnetization is easily 
directed, and in the case of a Co aUoy, denotes the c axis of Co having an hep structure. 

In an in-plane magnetic recording medium, when the recording density is 
increased, the volume per bit of the magnetic film becomes too small, and thus there is 
the possibiUty that the read/write characteristics wiU deteriorate due to the thermal 
fluctuation effects. M addition, when the recording density is increased, there is a 
tendency for the medium noise to increase due to the influence of the demagnetizing 
field at the boundary area between recording bits. 

In contrast, what are termed a perpendicular magnetic recording medium, in 
which the easy magnetization axis in the magnetic fihn is oriented perpendicular to the 
substrate, can suppress the increase in noise even when the recording density has been 
increased because the influence of the demagnetizing field at the boundary area between 
recording bits is smaU and clear bit boundaries are formed. Furthermore, this 
perpendicular magnetic recording medium has become the focus of attention in recent 
years because the higher the recording density, the more magnetostaticaUy stable it 
becomes, and the more its thermal fluctuation resistance is increased. 

IB recent years, the use of single pole heads, which a superior writing capacity 
on perpendicular magnetic recordmg media, are being investigated in response to the 
demand for further increasing the recording density of magnetic recording media. In 
order to use a single pole head effectively, providing a layer consisting of a soft 
magnetic material. caUed tire backing layer, between tiae perpendicular magnetic 
recording film, which is tixe recording layer, and tiie substrate has been proposed in 
order to improve tiie efficiency of tire of ti.e flow of tize magnetic flux between tiie 
single pole head and tiie magnetic recording medium. 

However, the read/write characteristics become insufficient in a magnetic 
recording medium that simply provides a backing layer, and tims a magnetic readAvrite 
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medium having superior recording read/write characteristics is needed. 

GeneraUy, a perpendicular read/write medium has a structure in which a 
backing layer (soft magnetic undercoat film), an undercoat film that orients the easy 
magnetization axis of the magnetic recording film perpendicular with respect to -the 
substrate surface, a perpendicular magnetic recording film comprising a Co alloy, and a 
protective film are formed on a substrate. 

To improve the read/write properties of the magnetic recording medium, of 
course a magnetic material having a low noise can be used on the perpendicular 
magnetic recordmg fihn, and several methods for improving the layered structure have 
been proposed, such as Japanese Patent Number 2669529, Japanese Unexamined Patent 
Application, First Publication No. Hei 08-180360, and Japanese Unexamined Patent 
Application, First Publication No. Hei 07-192244. 

Japanese Patent No. 2669529 proposes a method in which the consistency of 
the lattice between the Ti alloy undercoat fihn and the hexagonal magnetic alloy fihn is 
increased and the c-axis orientation of the hexagonal magnetic alloy film is improved by 
providing a Ti undercoat film between a non-magnetic substrate and the hexagonal 
magnetic alloy fihn, and incorporatmg other elements in the Ti undercoat fihn. 

However, when using the Ti aUoy undercoat film, the exchange coupling in the 
magnetic alloy fihn becomes large, and at a result, further increasing the recording 
density becomes difficult because the medium noise increases. 

Japanese Unexamined Patent Application, First Publication No. Hei 08-180360 
proposes a method in which the c-axis orientation of the Co alloy perpendicular 
magnetic recording fihn is unproved by forming an undercoat fihn consistmg of Co and 
Ru between a non-magnetic substrate and the Co alloy perpendicular magnetic 
recording film. 

However, the undercoat fihn consistmg of Co and Ru decreases the ratio of the 
residual magnetization Mr to the saturation magnetization Ms, that is, Mr/Ms, of the 
perpendicular magnetic recording fihn provided thereon. As a result, further 
increasing the recording density becomes difficult because the thermal stability in the 
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Co alloy magnetic film deteriorates. 

Japanese Unexamined Patent Application, Fiist Publication No. Hei 07-192244 
proposes fonning a Pt undercoat film between the substrate and the Co alloy 
perpendicular magnetic recording film. 

5 However, when the perpendicular Co alloy magnetic recording film is formed 

on the Pt undercoat film, the mismatch in the crystal lattice sizes therebetween becomes 
large, and distortion occurs in the crystal structure of the perpendicular magnetic 
recording film. Thus, the exchange coupling between the magnetic particles in the 
perpendicular magnetic recording film becomes strong and the medium noise increases, 

0 and thereby further increasing the recording density becomes difficult. 



0 



Disclosure of Invention 

In consideration of the problems described above, it is an object of the present 
invention to provide a magnetic recording medium that can hnprove the read/write 
properties and allows reading and writing data at a high density, a manufacturing 
method for the same, and a magnetic read/write apparatus. 

In order to obtain the objects described above, the present invention employs 
- the following structure: 

(1) A first invention for solving the problems described above is a magnetic 
recording medium that provides on a non-magnetic substrate at least a soft magnetic 
undercoat film, a first undercoat film that controls the orientation of the fihn directiy 
above, a second undercoat film, a perpendicular magnetic recording fihn in which the 
easy magnetization axis is generally oriented perpendicular with respect to the substrate, 
and a protective film, and wherein the first undercoat fihn consists of Pt, Pd, or an alloy 
including at least one thereof, and the second undercoat fihn consists of Ru or an Ru 
alloy. 

(2) A second invention for solvmg the problems described above is a magnetic 
recording medium in which, in the magnetic recording medium described in (1), the 
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thickness of the first undercoat film is equal to or greater than 0.5 nm and equal to or 
less than 10 nm. 

(3) A thhrd invention for solving the problems described above is a magnetic 
recording medium in which, in the magnetic recording medium described in (1), the 
thickness of the second undercoat film is equal to or greater than 0.5 nm and equal to or 
less than 10 nm. 

(4) A fourth invention for solving the problems described above is a magnetic 
recording medium m which, m the magnetic recording medium described in (1). the 
first undercoat film has a fee structure. 

(5) A fifth invention for solving the problems described above is a magnetic 
recording medium in which, in the magnetic recording medium described in (1), a seed 
fihn having an amorphous structure or a microcrystal structure is provided between the 
soft magnetic undercoat film and the first undercoat film. 

(6) A sixth invention for solving the problems described above is a magnetic 
recording medium in which, in the magnetic recording medium described in (1), the 
first undercoat film mcludes C. 

(7) A seventh invention for solving the problems described above is a magnetic 
recording medium in which, in the magnetic recording medium described in (1), the 
perpendicular magnetic recording fihn consists of a material that includes at least Co 
and Pt, and has a negative nucleation field (-Hn) equal to or greater than 0. 

(8) An eighth invention for solvmg the problems described above is a magnetic 
recording medium in which, in the magnetic recording film recording medium 
described in (1), the first undercoat fihn has a granular structure consistmg of Pt or Pd, 
and an oxide. 

(9) A ninth invention for solving the problems described above is a magnetic 
recording medium in which, in the magnetic recording medium described in (8), the 
oxide is selected fix)m SiOa, AI2O3, CraOa, CoO, and TajOs. 

(10) A tenth invention for solvmg the problems described above is a magnetic 
recording medium m which, in the magnetic recording medium described in (1), the 
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second undercoat film has a granular structure consisting of Ru or an Ru alloy, and an 
oxide. 

(11) An eleventh invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(10), the oxide is selected from SiOz, AI2O3, CrjOs, CoO, and TajOs. 

(12) A twelfth invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(1), the perpendicular magnetic recording fflm consists of a material wherein at least 
one of SiOa, AI2O3, ZrOj, CrjOj, and TajOs are added to a CoPt alloy or a CoCrPt alloy. 

(13) A thirteenth invention for solving the problems described above is a 
manufacturmg method for a magnetic recording medium in which at least a soft 
magnetic undercoat fihn, a first undercoat fihn that controls the orientation of the fihn 
directly above, a second undercoat film, a perpendicular magnetic recording film in 
which the easy magnetization axis is generaUy oriented peipendicular to the substrate, 
and a protective film are formed in sequence on a non-magnetic substrate, the first 
undercoat fihn consists of Pt, Pd, or an alloy that comprises at least one among them, 
and the second undercoat fihn that consists of Ru or an Ru alloy. 

(14) A fourteenth invention for solvmg the problems described above is a 
magnetic readAmte apparatus providing a magnetic recording medium and a magnetic 
head that reads and writes data on this magnetic recording medium, wherein the 
magnetic recordmg medium provides on a non-magnetic substrate at least a soft 
magnetic undercoat film, a first undercoat film that controls the orientation of the fihn 
dkecdy above, a second undercoat fihn, and a perpendicular magnetic recordmg fihn m 
which the easy magnetization axis is generaUy oriented perpendicular to the substrate, 
the first undercoat fihn consists of Pt, Pd, or an alloy that comprises at least one thereof, 
and the second undercoat fihn consists of Ru or and Ru alloy. 

(15) A fifteenth invention for solvmg the problems described above is a 
magnetic recording medium providmg on a non-magnetic substrate at least a soft 
magnetic undercoat fihn, an undercoat fihn that controls the orientation and the crystal 
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diameter of the fflm directly above, a perpendicular magnetic recording film in which 
the easy magnetization axis is generally oriented perpendicular to the substrate, and a 
protective film, in which the undercoat film consists of an alloy that includes at least Pt 
and C or an alloy that includes at least Pd and C. 

(16) A sixteenth invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(15), the C content of the undercoat fihn is equal to or greater than 1 at% and equal to or 
less than 40 at%. 

(17) A seventeenth invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(15), the C content of the undercoat film is equal to or greater than 5 at% and equal to or 
less than 30 at%. 

(18) An eighteenth invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(15), the thickness of the undercoat fihn is equal to or greater than 0.5 nm and equal to 
or less than 15 nm. 

(19) A nineteenth invention for solving the problems described above is a 
magnetic recording medium in which, in flie magnetic recording medium described in 
(15), an intermediate film that includes at least one of Ru and Cu is provided between 
the undercoat film and the perpendicular magnetic recording film. 

(20) A twentieth invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(15), a seed fOm having an amorphous structure or a microcrystal structure is provided 
between the undercoat film and the perpendicular magnetic recording fihn. 

(21) A twenty.first invention for solvmg the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(15), the undercoat fihn consists of any among a Pt-C alloy, Pt-Fe-C aUoy, Pt-Ni-C alloy, 
Pt-Co-C alloy, Pt-G-C aUoy, Pd-C alloy, Pd-Fe-C alloy, Pd-Ni-C aUoy, Pd-Co-C alloy, 
or a Pd-Cr-C alloy. 
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(22) A twenty-second invention for solving the problems described above is a 
magnetic recording medium in which, in the magnetic recording medium described in 
(15), the average diameter of the microcrystals in the undercoat fflm is equal to or 
greater than 5 nm or equal to or less then 12 nm. 

(23) A twenty-third invention for solving the problems described above in 
which, in the magnetic recording medium described in (15), the perpendicular magnetic 
recording film consists of a material that includes at least Co and Pt, and having a 
negative nucleation field (-Hn) equal to or greater than 0. 

(24) A twenty-fourth invention for solving the problems described above in 
which, in the magnetic recordmg medium described in (15), the perpendicular magnetic 
recording film consists of a material wherein at least one of SiOj, AI2O3, ZrOz, CtzOs, 
and TazOs are added to a CoPt alloy or a CoCrPt aUoy are added. 

(25) A twenty-fifth invention for solving the problems described above is a 
manufacturing method for a magnetic recording medium consisting of the steps of 
forming in sequence on a non-magnetic substrate at least a soft magnetic undercoat fihn, 
an undercoat film that controls the orientation and the crystal diameter of the fihn 
directly above, a perpendicular magnetic recording fihn in which the easy magnetization 
axis is generally oriented perpendicular to the substrate, and a protective fihn, and the 
undercoat fihn consists of an aUoy mcludmg at least Pt and C or an alloy mdudmg at 
least Pd and C. 

(26) A twenty-sixth mvention for solving the problems described above is a 
manufacturing method for a magnetic recordmg medium m which, in the manufacturing 
method for the magnetic recording medium described in (25), the undercoat fihn is 
formed at a temperature between 150-400**C. 

(27) A twenty-seventh invention for solvmg the problems described above is a 
magnetic read/write apparatus that provides a magnetic recording medium and a 
magnetic head that reads and writes information on a magnetic recordmg fihn, wherein 
the magnetic head is a single pole head, the magnetic recordmg medium provides on a 
non-magnetic substrate at least a soft magnetic undercoat film, an undercoat fihn that 
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controls the orientation and the crystal diameter of the film directly above, a 
perpendicular magnetic recording film in which the easy magnetization axis is generally 
oriented perpendicular to the substrate, and a protective fihn, and the undercoat fihn 
consists of an alloy that includes at least Pt and C or an alloy that includes at least Pd 
andC. 

Below, the negative nucleation field wiU be explained. 

As shown in Fig. 2, in the history curve (MH curve), when 'b' denotes the 
intersection of the tangent at the point a where the magnetization becomes 0 in the 
process wherein the external magnetic field is decreased and the straight line denotes 
the saturation magnetization, the negative nucleation field (-Hn) can be expressed by the 
distance Oe from the Y-axis (M-axis) to the point b. 

Note that the negative nucleation field (-Hn) has a positive value when the 
point b is in the region where the external magnetic field is negative (refer to Fig. 2), 
and conversely, has a negative value when the point b is in the region where the external 
magnetic field is positive (refer to Fig. 3), 

The negative nucleation field (-Pin) can be measured by using a vibrating 
sample magnetometer or a Kerr effect measuring apparatus. 
Note that 1 Oe = approximately 79A/m. 

In addition, the thickness of each of the films can be found by observing the 
medium cross-section using, for example, a TEM (transmission electron microscope). 

Brief Description of Drawings 

Fig. 1 is a cross-sectional drawing showing a first embodiment of the magnetic 
recording medium of the present invention. 

Fig. 2 is a schematic diagram for explaining the negative nucleation field 

(-Hn). 

Fig. 3 is a schematic diagram for explaining the negative nucleation field 

(-Hn). 
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Fig. 4 is a cross-sectional drawing showing a second embodiment of the 
magnetic recording medium of the present invention. 

Fig. 5 is a cross-sectional drawing showing a third embodiment of the magnetic 
recording medium of the present invention. 
5 Fig. 6 is a cross-sectional drawing showing a fourtii embodiment of the 

magnetic recording medium of the present invention. 

Fig. 7 is a graph showing the relationship between C content m the undercoat 
film and the read/write properties. 

Fig. 8 is a cross-sectional drawing showing a fifth embodiment of tiie magnetic 
1 0 recording medium of the present invention. 

Fig. 9 is a schematic structural drawing showing an Example of tiie magnetic 
read/write apparatus of the present invention. 

Fig. 10 is a schematic structural drawing showing an Example of a magnetic 
head tfiat allow use of the magnetic read/write apparatus shown in Fig. 9. 
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Best Mode for Carrying out the Invention 

Fig. 1 shows a first embodhnent of tiie magnetic recording medium of tiie 
present invention. The magnetic recording medium shown here provides on a 
non-magnetic substrate 1 a soft magnetic undercoat fihn 2, two undercoat films 3 and 4 
tiiat contirol tiie orientation of tiie film directiy above, a perpendicular magnetic 
recording film 5 whose easy magnetization axis is generally oriented perpendicular to 
tiie substi-ate, a protective film 6, and a lubricating film 7. 

SpecificaUy, tiiis magnetic recording medium is structured by fonning in 
sequence on a non-magnetic substrate 1 tiie soft magnetic undercoat fihn 2 ttiat consists 
of soft magnetic material, tiie first undercoat film 3, tiie second undercoat fihn 4, tiie 
perpendicular magnetic recording fihn 5. tiie protective fihn 6, and tiie lubricating fihn 
7. 

A metal substrate consisting of a metal material such as aluminum or an 
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alummum aUoy can be used as the non-magnetic substrate 1, or a non-magnetic 
substrate consisting of non-metallic material such as glass, ceramic, silicon, siUcon 
carbide, or carbon can also be used. 

An amorphous glass or a crystallized glass can be used as the glass substrate. 
A general-purpose soda-lime glass or aluminosiUcate glass can be used as the 
amorphous glass, and a lithium-based crystallized glass can be used as the crystallized 
glass. A sintered body having as a main component, for example, a general-purpose 
aluminum oxide, aluminum nitride, silicon nitride, or the fiber-reinforced products 
thereof, can be used as the ceramic substrate. 

The non-magnetic substrate 1 has a mean surface roughness Ra equal to or less 
than 2 nm (20A), and preferably equal to or less than 1 nm. which is desirable in terms 
of the appUcation to high density recording because it is possible decrease the flying 
height of the magnetic head during reading and writing. 

The non-magnetic substrate 1 has a minute waviness (Wa) equal to or less than 
0.3 nm (more preferably, equal to or less than 0.25 nm), which is desirable in terms of 
the application to high density recording because it is possible to decrease the flying 
height of the magnetic head during reading and writing. 

In addition, at least one among the chamfered edge portion and the side portion 
of the chamfer portion has a mean surface roughness equal to or less than 10 nm (more 
preferably, equal to or less than 9.5 nm), which is preferable in terms of the- flying 
stability of the magnetic head. 

The waviness (Wa) can be measured as the mean surface roughness in a 
measuring range of 80Mm using, for example, a surface roughness measuring apparatus 
P-12 (KLA-Tencor Co.). 

The soft magnetic undercoat film 2 is provided in order to increase the 
perpendicular direction component of the magnetic flux generated from the magnetic 
head and in order to establish the direction of the magnetic flux of the perpendicular 
magnetic recording film 5, on which the data is recorded, more firmly in the 
perpendicular direction. This action becomes more significant in particular when a 



wo 2004/064048 PCT/JP2004/000205 

12 

single pole head for peipendicxilar recording is used as the magnetic read/wiite head. 

The soft magnetic undercoat film 2 consists of a soft magnetic material, and a 
material that includes Fe, Ni, or Co can be used for this material. 

The foUowing are Examples of this material: FeCo alloys (FeCo, FeCoB, and 
the like), FiNi alloys (FeNi, FeNiMo, FeNiCr, FeNiSi and the like), FeAl alloys (FeAl, 
FeAlSi, FeAlSiCr, FeAlSiTiRu, FeAlO and the like), FeCr aUoys (FeCr, FeCrT5, 
FeCrCu and the like), FeTa alloys (FeTa, FeTaQ FeTaN and the like), FeMg alloys 
(FeMgO and the like), FeZr aUoys (FeZrN and the like), FeC alloys, FeN alloys, FeSi 
alloys, FeP aUoys, FeNb aUoys, FeHf aUoys, and FeB alloys, CoB aUoys, CoP aUoys, 
CoNi alloys (CoNi, CoNiB, CoNiP and the like), and FeCoNi alloys (FeCoNi, FeCoNiP, 
FeCoNiB and the like). 

In addition, a material can be used that has a microcrystalline structure 
consisting of FeAlO, FeMgO, FeTaN, FeZrN or the like and that incoiporates Fe at 60 
at% or greater, or a granular structure in which fine crystal particles are dispersed in a 
matrix. 

In addition to those cited above, it is also possible to use as the material for the 
soft magnetic undercoat film 2 a Co alloy that incorporates Co at 80 at% or greater and 
incorporates at least one or more selected from Zr, Nb, Ta, Cr, Mo or the like. 

A CoZr aUoy, CoZrNb aUoy, CoZrTa alloy, CoZrCr alloy, CoZrMo alloy or the 
like can be suitably used as this material. 

The coercive force He of the soft magnetic undercoat film 2 is preferably equal 
to or less than 100 Oe (and more preferably equal to or less than 20 Oe). 

The coercive force He exceeding the above range is not preferable because the 
soft magnetic properties become insufficient and the read back waveform is not what is 
termed a rectangular wave, but becomes a distorted waveform. 

The saturated magnetic flux density Bs of the soft magnetic undercoat film 2 is 
preferably equal to or greater than 0.6T (more preferably, equal to or greater than IT). 
The Bs falling below this range is not preferable because the read back waveform is not 
what is termed a rectangular wave, but becomes a distorted waveform. 
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The product of the saturated magnetic flux density Bs and the thickness t of the 
soft magnetic undercoat film 2, Bs • t, is preferably equal to or greater than 40T • nm 
(more preferably, equal to or greater than 60T • nm). The product Bs • t falling below 
this range is not preferable because the read back waveform becomes a distorted 
waveform, and the OW properties (overwrite properties) deteriorate. 

Sputtering methods, plating methods and the like can be used as the formation 
method of the soft magnetic undercoat film 2. 

The soft magnetic undercoat film 2 can be have a form such that the material 
that forms it is partially or completely oxidized at the surface (the surface on the 
undercoat film 3 side). 

Specifically, in the region of a predetermined depth from the surface of the soft 
magnetic undercoat film 2, it is possible that the material that forms the soft magnetic 
undercoat fihn 2 is locaUy oxidized or that this region consists of an oxide of this 
material. 

The undercoat fihn 3 controls the orientation and crystal diameter of the second 
undercoat fihn 4 provided directly above and the perpendicular magnetic recording fihn 
5. 

The material that is used m the first undercoat fihn 3 is Pt, Pd, or an alloy 
includmg at least one thereof. SpecificaUy, Pt, Pd, a Pt aUoy, Pd alloy, or PtPd alloy 
can be used. 

By using Pt, Pd, or an alloy including at least one thereof in the first undercoat 
film 3, the orientation of the second undercoat fihn 4 and the perpendicular magnetic 
recording film 5 provided on the first undercoat fihn 3 can be made advantageous. 

With the object of making the crystal particles of the first undercoat fihn 3 
microcrystalline, m the first undercoat film 3 it is preferable to use a Pt alloy m which 
the Pt has another element added or a Pd alloy m which the Pd has another element 
added. 

B, C, P, Si, Al, Cr, Co, Ta, W, Pr, Nd, Sm and the like are preferable additive 
elements. 
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Among these, adding C is desirable. By incorporating C into the first 
undercoat film 3, the crystallinity of the second undercoat film 4 and the perpendicular 
magnetic recording fihn 5 can be made advantageous. 

In addition, it is possible to use an alloy material having the additional 
elements given above in an alloy that includes Pt and Pd (PtPd alloy). 

It is particular preferable that the first undercoat fihn 3 consists of any among a 
Pt-C alloy, Pt-Fe-C alloy, Pt-Ni-C aUoy, Pt-Co-C aUoy, Pt-Cr-C alloy, Pd-C alloy, 
Pd-Fe-C alloy, Pd-Ni-C aUoy, Pd-Co-C alloy, Pd-Cr-C alloy, or Pt-Pd-C aUoy. 

The thickness of the first undercoat fihn 3 is preferably equal to or greater than 
0.5 nm and equal to or less than 10 nm (in particular, 1 - 7 nm). When the thickness of 
the first undercoat film 3 is within this range, the perpendicular orientation of the 
perpendicular magnetic recording film 5 is particularly high and the distance between 
the magnetic head and the soft magnetic undercoat fiim 2 during reading and writing 
can be decreased. Thereby, tfiere is no decrease in the resolution of tiie read signal and 
thus it is possible to improve the read/write properties. 

When tiie tiiickness falls below this range, the perpendicular orientation of tiie 
perpendicular magnetic recording fihn 5 decreases, and tiie read/write properties and tire 
thermal stability deteriorate. 

In addition, when tiiis tfuckness exceeds tiiis range, tiie crystal particles become 
coarse and tiie distance between tiie magnetic head and flie soft magnetic undercoat film 
2 during readmg and writing becomes large. As a consequence, tiie resolution of tfie 
read back signal and tiie read back output decrease. 

The first undercoat film 3 preferably has a fee structure. When the first 
undercoat fihn 3 has a fee structure, tfie orientation of flie second undercoat fihn 4 
provided dkectiy above and /or tiie perpendicular magnetic recording fihn 5 is favorable, 
and it is possible to make the crystal particles microcrystalline. The state of tiie crystal 
can be confirmed, for example, by X-ray diffraction or TEM (transmission electron 
microscopy). 

The first undercoat fihn 3 can have a granular shiicture consisting of Pt and an 
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oxide. In addition, it can have a granular structure consisting of Pd and an oxide. 
Si02, AI2O3, CrzOa, CoO, or TaaOs can be used as the oxide. 
The average diameter of the crystal particles of the first undercoat film 3 is 
preferably equal to or greater than 5 mn and equal to or less than 12 nm. The average 
diameter can be found by observing the crystal particles of the first undercoat film 3 
using TEM (transmission electron microscopy) and processing the observed image. 

The surface profile of the first undercoat film 3 influences the surface profUe of 
the perpendicular magnetic recording fihn 5 and the protective fihn 6, and thus in order 
to make the surface uregularities of the magnetic recording medium small and reduce 
the magnetic head flying height during reading and writing, preferably the mean surface 
roughness Ra of the first undercoat film 3 is equal to or less than 2 nm. 

Because the mean surface roughness Ra is equal to or less than 2 nm, the 
surface irregularities in the magnetic recording medium can be made smaU, the 
magnetic head flying height during reading and writing can be made sufficiently low, 
and thus the recording density can be increased. 

When forming the first undercoat film 3, with the object of making the crystal 
particles of the perpendicular magnetic recording fihn 5 microcrystalline, a process gas 
that includes oxygen or nitrogen can be used as the fihn developmg gas. For example, 
in the case that the first undercoat fihn 3 is formed by usmg a sputtermg method, 
preferably a gas that is a mixture consistmg of oxygen mixed mto argon at a volume of 
approxunately 0.05 to 10% (preferably, 0.1 to 3%) or a gas that is a mixture consisting 
of nitrogen mixed into argon at a volume of approximately 0.01 to 20% (preferably, 
0.02 to 5%) is used. 

The second undercoat film 4 is for preventing distortion in the crystal structure 
of the perpendicular magnetic recording film 5 that occur due to the difference m the 
crystal lattice size between the first undercoat fihn 3 and the perpendicular magnetic 
recording film 5 and for decreasing the exchange coupling of the magnetic particles 
(crystal particles) of the perpendicular magnetic recording film 5. 

Ru or an Ru alloy are materials that can be used in the second undercoat film 4. 
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By using Ru or an Ru aUoy in the second undercoat film 4, it is possible to 
improve the read/write properties. 

With the object of decreasing both the crystal lattice size of the second 
undercoat fflm 4 and the exchange coupling in the perpendicular magnetic recording 
film 5, an Ru alloy having another element added to the Ru is preferably used in the 
second undercoat film 4. 

B, C, P, Ta, W, Mo and the like are preferable additive elements. 

Preferably the thickness of the second undercoat film 4 is equal to or greater 
than 0.5 nm and equal to or less than 10 nm (particularly, 1 to 6 nm). When the 
thickness of the second undercoat film 4 is within this range, the effects of the second 
undercoat film 4 (preventing distortion in the crystal structure of the perpendicular 
magnetic recording fihn 5 and decreasing the exchange coupling of magnetic particles) 
is increased and the distance between the magnetic head and the soft magnetic 
undercoat film 2 during reading and writing can be made smaU. Thereby, it is possible 
to improve tiie read/write properties without decreasing the resolution of the read back 
signal. 

When this thickness falls below tiiis range, die effects of tiie second undercoat 
film 4 decrease and tiie read/wiite properties deteriorate. In addition, when flie 
thickness greatly exceeds ttiis range, tiie crystal particles become coarse and tiie 
distance between tiie magnetic head and the soft magnetic undercoat film 2 during 
reading and writing increases. Thereby, tiie resolution of the read back signal and tiie 
read back output decrease. 

The tiiickness of tiie second undercoat film 4 can be a value tiiat exceeds 10 nm 
(for example, equal to or greater than 15 nm). 

Preferably, tiie second undercoat fihn 4 has a hep structure. The crystal 
structure can be confirmed by using, for example. X-ray diffraction or transmission 
electron microscopy (TEM). 

The second undercoat fihn 4 can have a granular stiiichire consisting of Ru and 
an oxide. SiOa, AI2O3, CraOa, CoO, or TkaOs can be used as the oxide. 
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Preferably, the average diameter of the crystal particles of the second undercoat 
film 4 is equal to or greater than 5 nm and equal to or less than 12 nm. This average 
diameter can be found, for example, by observing the crystal particles of the second 
undercoat film 4 using TEM (transmission electron microscopy) and processing the 
observed image. 

The easy magnetization axis of the perpendicular magnetic recording film 5 is 
oriented generally m the direction perpendicular to the substrate, and the perpendicular 
magnetic recording fihn 5 preferably consists of a material that mcludes at least Co and 
Pt- 

For example, it is possible to use a CoPt alloy or a CoCrPt alloy. In addition, 
it is possible to use a material that has at least one of SiOz, AI2O3, Zr02, CrjOs, and 
TajOs added to the CoPt alloy or the Ck)CrPt alloy. 

In particular, preferably a CoCrPt alloy or a material having an oxide such as 
Si02; AI2O3, Zr02, or CraOa added to the CoCrPt alloy is used. 

In the case that a CoCrPt alloy that does not have an oxide added is used, 
preferably, the Cr content is equal to or greater than 14 at% and equal to or less than 24 
at% (preferably, equal to or greater than 15 at% and equal to or less than 22 at%), and 
the Pt content is equal to or greater than 14 at% and equal to or less than 24 at% 
(preferably, equal to or greater than 15 at% and equal to or less than 20 at%). 

The Cr content falling below this range is not preferable because below this 
range the exchange coupling between magnetic particles becomes large, which in turn 
results in the magnetic cluster diameter becommg large and the noise increasing. In 
addition, the Cr content exceeding this range is not preferable because above this range 
the coercive force and the ratio of the residual magnetization (Mr) and the saturation 
magnetization (Ms), that is, Mr/Ms, are reduced. 

The Pt content falling below this range is not preferable because the effect of 
improving the read/write properties becomes insufficient, and at the same time, tiie ratio 
between the residual magnetization (Mr) and the saturation magnetization (Ms), that is, 
Mr/Ms, is reduced and the thermal stability deteriorates. In addition, the Pt content 
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exceeding this range is not preferable because the noise increases. 

In the case that a material having an oxide added to CoCrPt is used, the total Cr 
and oxide content is preferably equal to or greater than 12 at% and equal to or less than 
22 at% (more preferably, equal to or greater than 14 at% and equal to or less than 20 
at%), and the Pt content is equal to or greater than 13 at% and equal to or less than 20 
at% (more preferably, equal to or greater than 14 at% and equal to or less than 20 at%). 

The total Cr and oxide content falling below this range is not preferable 
because below this range the exchange coupling between magnetic particles becomes 
large, which in turn results in the magnetic cluster diameter becoming large and the 
noise increasing. In addition, the total Cr and oxide content exceeding this range is not 
preferable because above this range the coercive force and the ratio of the residual 
magnetization (Mr) and the saturation magnetization (Ms), that is, Mr/Ms, are reduced. 

The Pt content falling below this range is not preferable because the effect of 
improving the read/write properties becomes insufScient, and at the same time, tiie ratio 
between the residual magnetization (Mr) and the saturation magnetization (Ms), that is, 
the Mr/Ms, is reduced and tiie tiiermal stabiUty deteriorates. In addition, the Pt content 
exceeding this range is not preferable because the noise increases. 

Note tiiat "tiie easy magnetization axis is oriented generally in tiie direction 
perpendicular to tiie subsb-ate" means that tiie coercive force Hc(P) in tiie perpendicular 
du-ection and the coercive force Hc(L) in tiie in-plane direction are such tiiat Hc(P) > 
Hc(L). 

The perpendicular magnetic recording fihn 5 can have a one-layer structure 
comprising a CoCrPt material or the like, or may have a two or more layer structure 
comprising different components. 

The tiiickness of the perpendicular magnetic recording film 5 is preferably 7 to 
30 nm (more preferably, 10 to 25 nm). When tiie perpendicular magnetic recording 
fihn 5 is equal to or greater than 7 nm, a sufficient magnetic flux can be obtained, tiie 
output during read back does not decrease, and it is possible to prevent flie confirmation 
of tiie output waveform from becoming difficult due to tiie noise component. Thereby, 
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a magnetic read/write apparatus that can be applied to an increased recording density 
can be obtained. 

In addition, the thickness of the perpendicular magnetic recording film 5 is 
preferably equal to or less than 30 nm because it is thereby possible to suppress the 
increasing coarseness of the magnetic particles in the perpendicular magnetic recording 
film 5 and there is no concern that the read/write properties will deteriorate due to an 
increase in noise. 

The coercive force of the perpendicular magnetic recording film 5 is preferably 
equal to or greater than 3000 Oe. The coercive force being less than 3000 Oe is not 
preferable because the necessary resolution for high recording density cannot be 
obtained, and in addition, the thermal stability deteriorates* 

The ratio of the residual magnetization (Ms) saturation magnetization (Ms), 
that is, Mr/Ms, of the perpendicular magnetic recording film 5 is preferably equal to or 
greater than 0.9. The Mr/Ms being less than 0.9 is not preferable because the thermal 
stability deteriorates. 

The negative nucleaticn field (-Hn) of the perpendicular magnetic recording 
film 5 is preferably equal to or greater than 0. The negative nucleation field (-Hn) 
being less than 0 is not preferable because the thermal stability deteriorates. 

The average diameter of the crystal particles of the perpendicular magnetic 
recording film 5 is preferably equal to or greater than 5 nm and equal to or less than 12 
nm. The average diameter can be found by observing the crystal particles of the 
perpendicular magnetic recording film 5 using TEM (transmission electron microscopy) 
and processing the observed image. 

AHc/Hc of the perpendicular magnetic recording film 5 is preferably equal to 
or less than 0.25. AHc/Hc being equal to or less than 0.25 is preferable because the 
variation in the diameter of the magnetic particles (crystal particles) is small, the 
coercive force in the perpendicular direction of the perpendicular magnetic recording 
film 5 becomes uniform, and thereby it is possible improve the resolution. 

The protective film 6 prevents the corrosion of the perpendicular magnetic 
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recording film 5, and at the same time prevents damage to the medium surface when the 
magnetic head contacts the medium. Thus, it is possible to use conventional well 
known materials such as C, Si02, or Zr02. 

When the thickness of the protective film 6 is equal to or greater than 1 nm and 
equal to or less than 7 nm, the distance between the magnetic head and the medium 
becomes small, and thus is desirable in terms of high recording density. 

Preferably, conventional a well known material such as perfluoropolyether, 
fluorinated alcohols, fluorinated carbons or the like are used in the lubricating film 7. 

To manufacture the magnetic recording medium, it is possible to use a method 
in which the non-magnetic substrate 1, soft magnetic undercoat film 2, first undercoat 
film 3, second undercoat film 4, and perpendicular magnetic recording film 5 are 
formed in sequence by sputtering and the like, the protective film 6 is formed by 
sputtering or CVD, and the lubricating fihn 7 is formed by dipping or the like. 

In the magnetic recording medium of the present embodiment, the first 
undercoat fihn 3 consists of Pt, Pd, or an alloy of at least one among them, and the 
second undercoat fihn 4 consists of Ru or an Ru alloy. Thereby, the read/write 
properties and the thermal stability are unproved, and it is possible to read and write 
high density data. 

Fig. 4 shows a second embodiment of the magnetic recording medium of the 
present invention, and the magnetic recordmg medium shown here provides a seed fihn 
8, which has an amorphous structure or a microcrystalline structure, between the soft 
magnetic undercoat film 2 and the first undercoat film 3. 

Using an alloy mcluding at least one selected fi-om among Fe, Co, and Ni, and 
at least one selected from among Ta, Nb, Zr, Si, B, C, N, and O is advantageous. 

By providing the seed fihn 8, the first undercoat film 3 can be formed without 
being influenced by the crystallmity, crystal diameter, or surface state of the soft 
magnetic undercoat film 2. 

It is particularly preferable to use a material for the seed fihn 8 that has a 
saturated magnetic flux density Bs equal to or greater than 0.3T and a coercive force He 
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equal to or less than 100 Oe. By using this material for the seed film 8, it is possible to 
prevent the resolution from deteriorating due to the distance between the magnetic head 
and the soft magnetic undercoat film 2. 

Fig. 5 shows a third embodiment of the magnetic recording medium of the 
present invention, and the magnetic recording medium shown here provides an 
intermediate film 9 consisting of a CoCr alloy between the second undercoat fibn 4 and 
the perpendicular magnetic recording film 5. 

It is advantageous to use a CoCr alloy that includes one selected from among 
Pt, Ta, Nb, Zr, Si, B, C, and O in the mtermediate film 9. 

By providing the intermediate film 9, it is possible to prevent the crystaUinity 
of the perpendicular magnetic recording fihn 5 from deteriorating due to the disorder in 
the crystaUinity in the interface between the second undercoat fihn 4 and the 
perpendicular magnetic recording film 5. , 

The thickness of the intermediate film 9 is preferably equal to or less than 5 nm 
(more preferably, equal to or less than 3 nm). When the thickness of the intermediate 
film 9 is within this range, the effect of the intermediate film 9 (preventing the 
deterioration of the crystaUinity of the perpendicular magnetic recording Glm 5) is 
increased and Uie distance between the magnetic head and the soft magnetic undercoat 
fihn 2 during reading and writing can be reduced. Thereby, the read/write properties 
can be improved without decreasing the resolution of the read back signal. 

Fig. 6 shows a fourth embodiment of the magnetic recording medium of the 
present invention. The magnetic recording medium shown here has a structure m 
which a soft magnetic undercoat fihn 2, an undercoat fihn 23 that controls the 
orientation and the crystal diameter of the fihn dfrectiy above, an intermediate film 24, a 
perpendicular magnetic recordmg fihn 5 in which the easy magnetization axis is 
oriented generally perpendicular to the substrate, a protective fihn 6, and a lubricatmg 
film 7 are formed in sequence on a non-magnetic substrate 1. 

The non-magnetic substrate 1, soft magnetic undercoat film 2, perpendicular 
magnetic recording fihn 5, protective film 6 and the lubricating fihn 7 can have the 
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same composition as those in the first embodiment. 

The undercoat film 23 controls the orientation and the crystal diameter of the 
mtermediate film 24 provided directly above or the intermediate film 24 and the 
perpendicular magnetic recording film 5 provided dkectly above. 

The material used in the intermediate film 23 is an alloy that includes at least Pt 

and C. 

Using Pt without C is not preferable because the crystal diameter becomes 
large, and thus the crystal diameter in the perpendicular magnetic recording fihn 5 that 
is grown epitaxiaUy becomes large due to the influence of the undercoat film 23, and 
thereby the noise increases. 

The undercoat film 23 particularly preferably consists of any among a Pt-C 
aUoy, Pt-Fe-C aUoy, Pt-Ni-C alloy, Pt-Co-C aUoy, or a Pt-O-C alloy. 

The material used in the undercoat fihn 23 can be an alloy that includes at least 
Pd and C. 

In the case that Pd is used without C, the crystal diameter becomes large, and 
thus the crystal diameter in the perpendicular magnetic recording film 5 that is grown 
epitaxially becomes large due to the influence of the undercoat fihn 23, and thereby the 
noise increases. 

In the case that an alloy that includes Pd and C is used, the undercoat film 23 
particularly preferably consists of any selected from among a Pd-C alloy, Pd-Fe-C alloy, 
Pd-Ni-C alloy, Pd-Co-C aUoy, or Pd-Cr-C alloy. 

The C content of the undercoat fihn 23 is preferably equal to or greater than 1 
at% and equal to or less than 40 at% (more preferably, equal to or greater than 5 at% 
and equal to or less than 30 at%). 

Fig. 7 shows the relationship between the C content of the undercoat film 23 
and the read/write properties. 

As shown in Fig. 7, the C content of the undercoat fihn 23 bemg less than 1 
at%, is not preferable because the effect of the hnprovement on the read/write properties 
is low. The C content exceeding 40 at% is not desirable because a deterioration of the 
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Orientation occurs. As a result, the read/write properties and the magnetostatic 
properties deteriorate. 

The thickness of the undercoat fihn 23 is preferably equal to or greater than 0.5 . 
nm and equal to or less than 15 nm (in particular, 1 to 10 nm). When the thickness of 
the undercoat film 23 is within this range, the perpendicular orientation of the 
perpendicular magnetic recording fihn 5 is particularly high and the distance between 
the magnetic head and the soft magnetic undercoat fihn 2 during readmg and writing 
becomes small. Thus, it is possible to increase the readMrite properties without 
lowering the resolution of the read back signal. 

When this thickness faUs below the above range, the perpendicular orientation 
in the perpendicular magnetic recordmg fihn 5 is reduced, and the read/write properties 
and the thermal stability deteriorates. 

In addition, when this thickness exceeds the above range, the crystal particles 
become course and the distance between the magnetic head an the soft magnetic 
undercoat fihn 2 during reading and writing increases. Thus, tiie resolution of the read 
back signal and the read back output decrease. 

The undercoat fihn 23 preferably has a fee structure. Due to the undercoat 
fihn 23 havmg a fee structure, tiie orientation of the mtermediate fihn 24 provided 
directiy above and/or the perpendicular magnetic recording film 5 is good, and it is 
possible to make the crystal particles microcrystalline. The state of tiie particles can be 
• confirmed, for example, by X-ray diffraction or transmission electron microscopy 
(TEM). 

The average diameter of tiie crystal particles in tiie undercoat film 23 is equal 
to or greater tiian 5 nm and equal to or less tiian 12 nm. This average diameter can be 
found, for example, by observing tfie crystal particles of tiie undercoat fi'hn 23 using 
TEM (bransmission electi-on microscopy) and processing tiie observed unage. 

The surface profile of the undercoat film 23 mfluences the surface profile of 
tiie perpendicular magnetic recordmg fihn 5 and tiie protective fihn 6, and tiius m order 
to make tiie surfece uregularities of tiie magnetic recording medium small and decrease 
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the magnetic head flying height during reading and writing, the mean surface roughness 
Ra of the undercoat fflm 23 is preferably equal to or less than 2 nm. 

Because this mean surface roughness Ra is equal to or less than 2 nm, the 
surface irregularities of the magnetic recording medium are reduced, the magnetic head 
flying height during reading and writing is sufficiently decreased, and thereby it is 
possible to increase the recording density. 

When forming the undercoat film 23, with the object of making the crystal 
particles of the perpendicular magnetic recording fihn 5 microcrystalline, it is possible 
to use a process gas that includes oxygen or nitrogen as the gas for film formation. For 
example, in the case that the undercoat film 23 is formed using a sputtering method, 
preferably a gas that is a mixture consisting of oxygen mixed into argon at a volume of 
approximately 0.05 to 10% (preferably, 0.1 to 3%) or a gas that is a mixture consisting 
of nitrogen mixed into argon at a volume of approximately 0.01 to 20% (preferably, 
0.02 to 5%) is used. 

The intermediate film 24 prevents distortion in the crystal structure of the 
perpendicular magnetic recording film 5 due to the difference in the crystal lattice size 
between the undercoat film 23 and the perpendicular magnetic recording film 5, and at 
the same time, decreases the exchange coupling of the magnetic particles (crystal 
particles) in the perpendicular magnetic recording film 5. 

Preferably a material having a hep stracture or a fee structure is used in the 
intermediate film 24. 

The intermediate film 24 preferably includes at least one among Ru and Co. 

The thickness of the intermediate film 24 is preferably equal to or less than 10 
nm (preferably equal to or less than 6 nm) so as not to cause a deterioration in the 
read/write properties due to the magnetic particles (crystal particles) in the 
perpendicular magnetic recording film 5 becoming coarse or a decrease in the resolution 
because of increase in the distance between the magnetic head and the undercoat fihn 2. 

The thickness of the intermediate film 24 can be made a value that exceeds 10 
nm (for example, equal to or greater than 15 nm). 
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Note that in the present invention a structure that does not provide the 
intermediate fihn 24 is also possible. 

To manufacture the magnetic recording medium described above, a method 
used in which the soft magnetic undercoat film 2, the undercoat fihn 23, intermediate 
film 24, and the perpendicular magnetic recording film 5 are formed in sequence on the 
non-magnetic substrate 1 by a sputtering method or the like, the protective film 6 is 
formed by a sputtering method, a CVD method or the like, and the lubricating fiOm 7 is 
formed by a dipping method or the like. 

Preferably, the undercoat film 23 is formed at a temperature of 150 to 400°C. 

Superior read/write properties can be obtained when the temperature is in this 

range. 

In the magnetic recordmg medium of the present embodiment, the undercoat 
fibn 23 consists of an aUoy that includes at least Pt and C or an alloy that includes at 
least Pd and C, and thus the read/write properties and the thermal stability improve, and 
the reading and writing of high density data becomes possible. 

Fig. 8 shows a fifth embodiment of the magnetic recording medium of the 
present invention. The magnetic recording medium shown here provides a seed fihn 8 
having an amorphous structure or a microcrystalline structure between the soft magnetic 
undercoat film 2 and the undercoat film 23. 

The seed fihn 8 can be formed identicaUy to that shown in the second 
embodiment. 

By providing the seed film 8, it is possible to form the undercoat fihn 23 
without being influenced by the crystallinity, the crystal grain diameter, or the surface 
condition of the soft magnetic undercoat film 2. 

Fig. 9 shows an Example of the magnetic read/write apparatus using the 
magnetic recordmg medium described above. The magnetic read/write apparatus 
shown here provides the magnetic recording medium 10 in any of the embodiments 
described above, a medium drive unit 11 that rotates the magnetic recording medium 10, 
a magnetic head that reads and writes information on the magnetic recordmg medium 
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10, a head drive unit 13, and a read/AAnrite signal processing system 14. The read/write 
signal processing system 14 processes input data and sends a record signal to the 
magnetic head 12, and it becomes possible to output data by processing the read back 
signal from the magnetic head 12. 

A single pole head for perpendicular magnetic recording can be used as the 
magnetic head 12. 

As shown in Fig. 10, it is possible to use a single pole head comprising a main 
pole 12a, an auxiUary pole 12b, and a coil 12d that are provided on the communicating 
part 12c thereof. 

According to the magnetic read/write apparatus described above, because of 
using the magnetic recording medium 10 described above, it is possible to increase both 
the thermal stability and the read/write properties. 

Therefore, according to the magnetic read/write apparatus, troubles, such as 
data loss due to thermal fluctuation can be prevented from occurring, and at the same 
tune it is possible to implement high recording density. 

The operational effect of the present invention will now be clarified by way of 
examples. However, the present invention is not limited to the following examples. 

Example 1 

A cleaned glass substrate 1 (Ohara Co. of JAPAN, external diameter: 2.5 
inches) was accommodated in the fihn formation chamber of a DC magnetron 
sputtering apparatus (ANELVA of JAPAN, C-3010). After air was expelled from the 
film formation chamber until an ultimate vacuum of 1x10"^ Pa was attained, a soft 
magnetic undercoat fihn 2 having a thickness of 180 nm was formed on the substrate 1 
using a sputtering method by using a target consisting of 89Co-4Zr-7Nb (a Co content 
of 89 at%, a Zr content of 4 at%, and an Nb content of 7 at%). It was confirmed by 
using a vibrating sample magnetometer (VSM) that the product of the saturation 
magnetic flux Bs and the film thickness t, that is, B-t, of this film was 200T- nm. 

Next, at 240°C, a first undercoat fihn 3 having a thickness of 5 nm was formed 
on the soft magnetic undercoat film 2 described above by using a 75Pt-25C (Pt content 
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Of 75 at% and a C content of 25 at%) target. At this point in time, the crystal particles 
of the surface of the first undercoat fihn 3 were observed using TEM, and found to have 
an average diameter of 8 nm. 

On the first undercoat film 3, the second undercoat film 4 having a thickness of 
5 nm was fonned by using a Ru target, and the perpendicular magnetic recording fihn 5 
having a thickness of 20 nm was formed by using a 64Co-17Cr-17Pt-2B (Co content at 
64 at%, Cr content at 17 at%, Pt content at 17 at% and B content at 2 at%) target. 
Note that in the sputtering step described above, argon was used as the processing gas 
for film formation, and the film was formed under a pressure of 0.6 Pa. 

Next, a protective film 6 having a thickness of 5 nm was fonned by using 

CVD. 

After that, a lubricating fihn 7 consisting of a perfluoropolyether was formed 
using a dipping method, and a magnetic recording medium was obtained. The 
composition of this magnetic recording medium is shown in T^le 1. 

Comparative Example 1 

Except for the first undercoat film 3 not being provided, the magnetic recording 
medium was fabricated according to Example 1. The composition of this magnetic 
recording medium is shown in Table 1. 

Comparative Examples 2 and 3 

Except for the second undercoat fihn 4 not being provided, the magnetic 
recording media were fabricated according to Example 1. The compositions of these 
magnetic recording media are shown in Table 1. 

The magnetic recording media in the Example and the Comparative Examples 
were evaluated. The evaluation of the read/write properties was carried out by usmg a 
read/write analyzer RWA1632 and a spin stand S1701MP manufactured by GIZIK Co. 
(USA). 

In the evaluation of the read/write properties, a magnetic head using a smgle 
pole electrode in the write portion and using a OMR element in the read back portion 
were employed, and the recording firequency conditions were measured as a track 
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recording density of 600 kFCI. 

In the evaluation of the thermal fluctuation properties, the spin stand described 
above, and the magnetic head described above were used. After writing at a track 
recording density of 50 kFCI at a temperature of 70°C, the rate of decrease (%/decade) 
of the output with respect to the read back output after writing 1 second was calculated 
based on (S-So) x 100/(Sox3). In this equation, So denotes the read back output after 
the passage of 1 second after writing the signal on the magnetic recording medium, and 
S denotes the read back output after 1000 seconds. The results of the test are shown in 
Table 1. 
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As shown in Table 1, the Examples providing the first undercoat fjlm 3 and the 
second undercoat film 4 showed read/write properties that were superior compared to the 
comparative Example. 

Examples 2 to 12 

Except for the composition of the first undercoat film 3 shown in Table 2, the 
magnetic recording media were fabricated according to Example 1. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown m Table 2. 
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As shown in Table 2, the Examples in which the first undercoat fflm 3 consists of 
Pt or a Pt alloy showed superior read/write properties. 
Examples 13 to 16 

Except for the thickness of the fiist undercoat fihn 3 shown in Table 3, the 
magnetic recording media were fabricated according to Example 1. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Ikble 3. 
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As shown in Table 3, the Examples in which the thickness of the &st undercoat 
film 3 was equal to or greater than 0.5 mn and equal to or less than 10 nm (in particular, 1 
to 7 nm) showed superior read/write properties. 

Examples 17 to 20 

Except for the composition of the second undercoat film 4 shown in Table 4, the 
magnetic recording media were fabricated according to Example 1. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Table 4. 
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As Shown in Table 4, the Examples in which the second undercoat fihn 4 
consisted of Ru or an Ru alloy showed superior readMrite properties. 
Examples 21 to 25 

Except for the thickness of the second midercoat fflm 4 shown in Table 5. the 
magnetic recordmg media were fabricated according to Example 1. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Table 5. 
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As shown in Table 5, the Exmnples in which the thickness of the second 
undercoat film 4 was equal to or greater than 0^ nm and equal to or less than 10 nm (in 
particular, 1 to 7 mn) showed superior read/write properties. 

Examples 26 to 32 

Except for the material and thickness of the soft magnetic undercoat film 2 
shown in Table 6, the magnetic recording media were fabricated according to Example 1. 
Example 33 to 35 

Except for providing the seed film 8 between the soft magnetic undercoat fihn 2 
and the first undercoat film 3, the magnetic recording media were fabricated according to 
Example 1. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Table 6. 
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As shown in Table 6, the Esamples show superior read/write properties. la 
particular, in the Examples m which the seed fiOm 8 was provided, superior read/write 
properties were obtained. 

Examples 36 to 40 

Except for providing the intermediate fihn 9 between the second undercoat fflm 
4 and the perpendicular magnetic recordmg Ghn 5, the magnetic , recording media were 
fabricated accordmg to Example 1. 

Examples 41 to 44 

Except for the material and thickness of the perpendicular magnetic recording 
film 5 shown in Table 7, the magnetic recording media were fabricated according to 
Example 1. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. Hie results of the test are shown in Table 7. 
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As shown in Table 7, the Examples showed superior read/write properties. 
Example 45 

Except for forming the &st undercoat fibn 3 as explained below, the magnetic 
recording media were fabricated according to Example 1. 

Specifically, a first undercoat film 3 having a thickness of 5 mn was formed on 
the soft magnetic undercoat film 2 by using a 75Pd-25C (Pd content at 75 at% and C 
content at 25 at%) target. At this pomt in time, the crystal particles of the surfece of the 
undercoat fihn 3 were observed using TEM, and found to have an average diameter of 8.3 
nm. 

The read/write properties of the magnetic recording medium in this Example 
were evaluated. The results of the tests are shown in Table 8. 
Comparative Examples 4 and 5 

Except for not providing the second undercoat fihn 4, the magnetic recording 
media were fabricated according to Example 45. The read/write properties of the 
magnetic recording media were evaluated. The results of the tests are shown in Fig. 8. 

Examples 46 to 54 

Except for the composition and thickness of the first undercoat film 3 shown in 
Table 8, the magnetic recording media were fabricated according to J^ample 45. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Table 8. 
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AS Shown in Table 8, the Examples m which the first undercoat fihn 3 consists of 
Pd or a Pd alloy showed superior readAvrite properties. Superior readAvrite properties 
were obtained in the case of using an alloy that included Pt and Pd as weU. 

Examples 55 to 77 

Except for the composition and thickness of the first undercoat film 3, the second 
undercoat film 4, and the perpendicular magnetic recording fihn 5 shown in Table 9. the 
magnetic recording media were febricated according to Example 1. 

The read/write properties of magnetic recording media in these Examples were 
evaluated. The results of the tests are shown in Tbble 9. 
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As shown in Table 9, the Examples in which a material that included an oxide 
was used in the fiist undercoat film 3, the second undercoat film 4, and the perpendicular 
magnetic recording film 5 showed superior readAvrite properties. 

Example 78 

A cleaned glass substrate 1 (Ohara Co. of JAPAN, external diameter 2.5 inches) 
was accommodated in the fihn formation chamber of a DC magnetron sputter apparatus 
<ANELVA of JAPAN, C-3010). After air was expelled from the fihn formation chamber 
until an ultimate vacuum of 1x10'^ Pa was attained, a soft magnetic undercoat fihn 2 
having a thickness of 180 nm was formed on tiie substrate 1 using a sputtering metiiod 
usmg a target consisting of 89Co-4Zr-7Nb (Co content of 89 at%, a Zr content of 4 at%, 
and an Nb content of 7 at%). It was confirmed by using a vibrating sample 
magnetometer (VSM) tiiat tiie product of tiie saturation magnetic flux Bs and flie fihn 
thickness t, tiiat is, B-t, of fliis fihn was 200T- nm. 

Next, at 240'*C, tiie undercoat fihn 23 having a fluckness of 5 nm was formed on 
the soft magnetic undercoat film 2 described above by using a 75Pt-25C (Pt content of 75 
at% and a C content of 25 at%) target. At tiiis point in time, flie crystal particles of tiie 
surface of tiie undercoat fihn 23 were observed usmg TEM, and found to have an average 
diameter of 8 nm. 

On tiie undercoat fihn 23, tiie intermediate fihn 24 having a ttiickness of 2 nm 
was formed by usmg a Ru target, and tiie perpendicular magnetic recording film 5 having 
a tiiickness of 20 nm was formed by using a 64Co-17Cr-17Pt-2B (Co content at 64 at%, 
Cr content at 17 at%, Pt content at 17 at% and B content at 2 at%) target. Note fliat in 
flie sputtering step described above, argon was used as the processing gas for film 
formation, and the film was formed under a pressure of 0.6 Pa. 

Next, a protective mm 6 having a thickness of 5 nm was formed by usmg a CVD 

method. 

Next, a lubricating fihn 7 consisting or a perfluoropolyether was formed by 
usmg a dipping method, and a magnetic recording medium was obtamed. 
Comparative Examples 6 to 8 
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Except for forming the undercoat film 23 by using targets consisting of Pt, Ru, or 
C, the magnetic recordmg media were fonned according to Example 78. The 
compositions of these magnetic recording media are shown in Table 10. 

The readAvrite properties of the magnetic recording media in these Examples 
and Comparative Examples were evaluated. The evaluation of the read/write properties 
was carried out by using a read/write analyzer RWA1632 and a spin stand S1701MP 
manufactured by GIZIK Co. (USA). 

In the evaluation of the read/write properties, a magnetic head using a single pole 
electrode in the write portion and using a OMR element in the read back portion was 
employed, and the recording frequency conditions were measured as a track recording 
density of 600 kFCI. 

In the evaluation of the thermal fluctuation properties, the spin stand described 
above and the magnetic head described above were used, and after writing at a track 
recording density of 50 kFCI at a tranperature of 70°C, the rate of decrease (%/decade) of 
the output with respect to the read back output after writing 1 second was calculated 
based on (S-So) x 100/(Sox3). In this equation, So indicates the read back output after 
the passage of 1 second after writing the signal on the magnetic recording medium, and S 
indicates the read back output after 1000 seconds. The results of the test are shown in 
Table 10. 
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As shown in Table 10, the Examples in which the undercoat film 23 consists of 
75Pt-25C shows superior read/write properties conaipared to the Comparative Examples. 
Samples 79 to 87 

Except for the compositions of the undercoat film 23 shown in Table 11, the 
magnetic recording media were fabricated according to Example 78. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Table 11. 
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As shown in Table 11, the Examples in which the undercoat fiflm 23 included at 
least Pt or C, superior read/write properties were shown. In particular, the Examples in 
which the C content of tbe undercoat fihn 23 was equal to or greater than 1 at% and equal 
to or less than 40 at% (in particular, equal to or greater than 5 at% and equal to or less 
than 30 at%) showed superior properties. 

Examples 88 to 92 

Except for the thickness of the undercoat fihn 23 shown in Ikble 12, the 
magnetic recordmg media were fabricated according to Example 78. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results of the tests are shown in Table 12. 
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As shown in Table 12, the Examples in which the thickness of the undercoat film 
23 was equal to or greater than 0.5 nm and equal to or less than 15 nm (in particular 1 to 
10 nm) showed superior read/write properties. 

Examples 93 to 97 

Except for the temperature during formation of the undercoat film 23 shown in 
Table 13, the magnetic recording media were fabricated according to Example 78. 

The read/write properties of the magnetic recording media m these Examples 
were evaluated. Hie results of the tests are sdhtown in Ikble 13. 
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As shown in Table 13, the Examples for which the temperature during the 
fonnatioft of the undercx>at fihn 23 was from 150 to 400°C showed superior read/write 
properties. 

Examples 98 to 104 

Except for the material and thickness of the soft magnetic undercoat fihn 2 
shown in Fig. 14, the magnetic recordmg media were fabricated according to Example 78. 
Examples 105 to 107 

Except for providing the seed film 8 between the soft magnetic undercoat film 2 
and the undercoat film 23, the magnetic recordmg media were fabricated according to 
Example 78. 

The read/write properties of the magnetic recordmg media in these Examples 
were evaluated. The results of the tests are shown in Table 14. 
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As shown in Table 14, the Examples showed superior read/write properties. In 
particular, superior read/write properties were obtained in the Examples providing the 
seed film 8 obtained. 

Examples 108 to 116 

Except for the material and thickness of the intemiediate film 24 and the 
perpendicular magnetic recording fihn 5 shown in Table 15, the magnetic recording 
media were fabricated according to Example 78. 

The read/write properties of the magnetic recording media in these Examples 
were evaluated. The results are shown in Table 15. 

Note that in the Table, Ru/CoCr indicates having a two-layer stmcture in which 
the intermediate film 24 provides a second layer consisting of CoCr on the first layer that 
consists of Ru. The thickness of the intermediate films 24 are all 2 nm, and this is 
denoted by 2/2. 
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As shown in Table 15, the Examples showed superior read/write properties. 
Example 117 

Except for forming the undercoat fihn 23 as foUows, the magnetic recordmg 
medium was fabricated according to Example 78. 

Specifically, the undercoat fihn 23 having a thickness of 5 nm was fomied on a 
soft magnetic undercoat fihn 2 by using a 75Pd-25C (Pd content at 75 at% and C content 
at 25 at%) target. At this point in time, the crystal particles of the surface of the 
undercoat fihn 23 were observed using TEM, and found to have an average diameter of 
8.3 nm. 

The read/write properties of the magnetic recordmg media in these Examples 
were evaluated. The results of the tests are shown in Table 16. 
Comparative Example 9 

Except for formmg the undercoat fihn 23 usmg the target consistmg of Pd, the 
magnetic recording media were fabricated accordmg to Example 117. The read/write 
properties of this magnetic recordmg medium were evaluated. The results of the tests 
are shown m Table 16. 

Examples 118 to 124 

Except for the composition and thickness of the undercoat fihn 23 shown in 
Table 16, the magnetic recording media were fabricated according to Example 117. The 
readAwite properties of the magnetic recordmg media in these Examples were evaluated. 
The results of the tests are shown in Table 16. 
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As shown in Table 16, Examples in which the undercoat fihn 23 included at least 
Pd and C showed superior readAvrite properties. 
Examples 125 to 135 

Magnetic recording media were fabricated in which the material and the 
thickness of the intermediate film 24 and the perpendicular magnetic recording fihn 5 
were as shown in Tkble 17. The other conditions were according to Example 78. The 
read/write properties of the magnetic recording media in these Examples were evaluated. 
The results of the teste are shown in Ikble 17. 
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As Shown in Table 17, the Examples in which the perpendicular magnetic 
recording fihn 5 included an oxide showed superior readArate properties. 

industrial Applicability 

In the magnetic recordmg media of the present invention, at least a soft magnetic 
undercoat fihn, a first undercoat fihn, a second midercoat fihn, a perpendicular magnetic 
recording fihn, and a protective fihn are provided on a non-magnetic substrate; the first 
undercoat fihn consists of Pt, Pd. or an alloy mduding at least one among them; and the 
second midercoat fihn consists of Ru or an Ru alloy. Thereby, it is possible to improve 
the readA^te properties and the thermal stability. 

In addition, a soft magnetic undercoat fihn, an undercoat fihn that, controls the 
orientation and crystal diameter of the fihn directly above, a perpendicular magnetic 
recordmg fihn in which the easy magnetization axis is generaUy oriented perpendicular to 
the substrate, and a protective fihn are provided; the midercoat fihn consists of an alloy 
that mcludes at least Pt and C or an alloy that includes at least Pd and C are provided on a 
non-magnetic substrate. Thereby, it is possible to hnprove the read/write properties and 
the thermal stability. 



